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We explore the would-be consequences of a low value of the CP- violating phase sin2/3^x- The im- 
portance of a reference triangle obtained from measurements that are independent of B—B and K-K 
mixing is stressed. It can be used to extract separately potential New Physics contributions to mixing 
in the B^, Bs and K systems. We discuss several constructions of this triangle, which will be feasi- 
ble in the near future. The discrete ambiguity is at most two-fold and eventually can be completely 
removed. Simultaneously, it will be possible to probe for New Physics in loop-dominated rare decays. 



1 Introduction 

One of the highhghts of the ongoing 
1CHEP2000 Conference in Osaka has been 
the presentation of first results on CP vio- 
lation in Bd-Bd mixing by the BaBar and 
Belle Collaborations 0. The reported values 
obtained from the time-dependent CP asym- 
metry in _B J/^Ks decays, 

0.12 ±0.37 ±0.09; BaBar, 



sin 2(3^K = 



0.45 



+0.43-1-0.07 . 
-0.44-0.09 ' 



Belle, 



(1) 

are smaller than the previous best measure- 
ment sin2/L,K = 0.79l[J j;^ by the CDF Col- 
laboration □. They are also smaller than the 
value sin 2/3 = 0.75 ±0.06 obtained from a re- 
cent global analysis of the unitarity triangle a. 
Although there is at present no statistically 
significant discrepancy, it is interesting to ex- 
plore the implications of a measurement of 
sin 2(3tpk that would be inconsistent with the 
results of the global analysis. Under the as- 
sumption that there is no CP-violating New 
Physics in 6 ^ ccs transitions (which is sup- 
ported by the strong experimental bound on 
direct CP violation in B^ — > J/ -4) decays 
reported by the CLEG Collaboration I) this 



would imply the existence of New Physics in 
Bd~Bd mixing. (New Physics in K-K mix- 
ing could not account for such a discrepancy, 
because of the minor impact of \€k\ on the 
global analysis.) The measured phase 2/3.0if 
would then be the Bd-Bd mixing phase 2(/)d, 
which would differ from the CKM phase 2/3 
because of New Physics. In such an event, it 
is likely that New Physics would also play a 
role in B^-Bs and K-K mixing. 

The purpose of this Letter is to point 
out a strategy which provides a systematic 
exploration of the new flavor physics in this 
case. This strategy is different from the con- 
ventional route pursued at the B factories, 
in which the main focus is on measurements 
that are sensitive to B-B mixing, mainly be- 
cause CP violation in the interference of mix- 
ing and decay can sometimes be interpreted 
without encountering large hadronic uncer- 
tainties. If there is New Physics in mix- 
ing, then the standard triangle obtained by 
combining information on \ Vub \ from semilep- 
tonic B decay, ATOd,s from Bd.s-Bd^s mix- 
ing, and |e/f| from K-K mixing does not 
agree with the true CKM triangle, and forc- 
ing it to close (as is done in the standard 
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analysis) gives wrong results for the angles 
7 = arg(l^;j and /3 = -arg(Ftd). (We 
use the standard phase conventions; other- 
wise 7 = arg[-(l/4Kd)/(V;*,V;<i)] and /3 = 
arg[(F/,F*,)/(KlKd)].) 

In the absence of a reliable way to mea- 
sure the magnitude and phase of Vtd in B 
decays, it is important to base studies of the 
CKM matrix on a reference triangle obtained 
exclusively from measurements independent 
of particle-antiparticle mixing ij§'0i. In the 
B system, this triangle is constructed from 
the measurement of the magnitude and phase 
of Vub- (The use of 7 = arg(y^*^) replaces the 
use of I Vtd I, determined from B-B mixing, 
in the standard analysis.) Separate compar- 
isons of particle-antiparticle mixing measure- 
ments in the Bd, Bg and K systems with in- 
formation obtained from the reference trian- 
gle will allow extraction of the magnitude and 
phase of New Physics contributions to the 
mixing amplitudes. At a later stage, compar- 
ison of different reference triangle construc- 
tions can provide information about potential 
New Physics effects in the decay amplitudes, 
not related to mixing. 

We stress that the reference triangle 
approach should be pursued regardless of 
whether or not the sin 2j3^K measurements 
are consistent with the global analysis of the 
unitarity triangle. Agreement within errors 
could be accidental and would not exclude 
the possibility of large New Physics contribu- 
tions in Bd-Bd mixing. Proposals similar in 
spirit to ours have been discussed in the past. 
However, their feasibility is limited by their 
reliance on methods for extracting 7 that are 
extremely difficult, and axe^ plagued by mul- 
tiple discrete ambiguities BID. In the past two 
years, however, several strategies have been 
proposed that will allow a determination of 
7 in the near future, without discrete ambi- 
guities and with controlled theoretical uncer- 
tainties. 

Our analysis is based on the following 
standard assumptions, which hold true for 
a vast class of extensions of the Standard 



Model (for a discussion, see e.g. Ref. B): 

i) The determination of the CKM ele- 
ments \Vus\, |K;fc| and \ Vub\ from semileptonic 
decays is not affected by New Physics. 

ii) The 3-generation CKM matrix is uni- 
tary. 

iii) There are no (or negligibly small) 
New Physics effects in decays which in 
the Standard Model are dominated by tree 
topologies. 

An experimental test for non-standard 
contributions in the semileptonic h ^ ulv 
transition could be performed by comparing 
the values of \Vub\ extracted from the exclu- 
sive B n Iv and B ~* plv decays, and the 
inclusive B Xu I v decays. (An analogous 
test for 6 ^ civ decays has been proposed 
in Ref. i.) Tests of the unitarity of the CKM 
matrix will be discussed in Section IJ. 

2 The reference triangle 

Disregarding all information obtained from 
mixing measurements, not much is known 
about the Wolfenstein parameters [fi.f]) de- 
termining the unitarity triangle. The mag- 
nitude of |Kif)| measured in semileptonic B 
d ecay fix es = |CK:bKd)/(V,*fcF,<j)| = 
yjp+lp, corresponding to a circle centered 
at the origin in the (p, f\) plane. At present 
I Vub I is known with a precision of about 20%. 
A reduction of the uncertainty to the 10% 
level appears realistic within a few years. The 
phase 7 defining the orientation of the trian- 
gle (sin 7 — fj/Rb) is currently unknown. 

2. 1 Reference triangles from B decays 

In the very near future, ratios of CP-averaged 
B — > 'kK and B —f irn branching ratios can 
be used to extract cos 7 using many different 
strategies. A method based on flavor sym- 
metries, usinff little theory input, has been 
described in tj. It makes use of two experi- 
mentally determined rate ratios (_R* and £3/2) 
and the theoretical predictiorU that the rele- 
vant strong-interaction phase cannot be very 
large. Alternatively, it has been argued re- 
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Figure 1. Determination of 7 from the mixing- 
induced CP asymmetry in _B — > tt+tt" decays, as- 
suming sin20(i = 0.3. The dark band refers to 
2(j>i ~ 17.5°, the light one to 2(j>i = 162.5°. 

cently that in the heavy-quark Hmit most 
two-body hadronic B decays admit a model- 
independent theoretical description based on 
a QCD factorization formula lid. Predictions 
for the B — > ttK^ tttt decay-rate ratios as a 
function of cos 7 have been obtained (includ- 
ing the leading power corrections in 1/ rrib) E3. 
The combination of several independent de- 
terminations of cos 7 from these modes will 
fix 7, up to a sign ambiguity 7 —7, with 
reasonable precision. (We define all weak 
phases to he between -180° and 180°.) We 
believe that an uncertainty of A7 = 25° will 
be attainable in the near future. 

Once the B± ^ (nK)^ and B± tt^tt" 
decay rates are known with higher preci- 
sion, 7 can be determined with minimal the- 
ory input (up to discrete ambiguities) us- 
ing the method of Ref. 113. Here, in addi- 
tion to CP-averaged decay rates, informa- 
tion about some direct CP asymmetries is 
added. Ultimately, this will reduce the theo- 
retical uncertainty to a level of 10° or less. 
When supplemented with theoretical infor- 
mation on the strong-interaction phase this 
method can be used to completely eliminate 
the discrete ambiguities (for a detailed dis- 
cussion, see Ref. E£l). 

The QCD factorization approach can 
also be used to calculate the penguin-to-tree 
ratio in B —^ tt+tt" decays, thereby turn- 
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Figure 2. Determination of 7 from the measurement 
of sin(20d + 7) in B ^ D^*^^tt^ decays, assuming 
sin24>d = 0.3. The dark curve refers to 2if>ii ~ 17.5°, 
the light one to 2(f)d = 162.5°. 

ing a measurement of the mixing-induced CP 
violation into a determination of 7 without 
theneed for an (impractical) isospin analy- 
sis Ej. In Figure |l| we show the coefficient 
S" of — sin(Ar7id t) in the time-dependent CP 
asymmetry as a function of 7, assuming 
sin 2(j)d = 0.3 for the B-B mixing phase mea- 
sured in B — > J/ipKs- A measurement of 
sin 2(j)d determines the phase 20^ up to a two- 
fold discrete ambiguity, 24>'"J'^ +2(j)'"f^ — n mod 
2tt. The width of the bands reflects the theo- 
retical uncertainty. The eight-fold ambiguity 
can be reduced to a four-fold one, in princi- 
ple, by measuring the direct CP asymmetry 
in this decay. Alternatively, using a Dalitz- 
plot analysis of the B ^ pn decay amplitudes 
one could determine smi24>d + 27) with small 
hadronic uncertainties o. 

On a much longer time-scale, it will be 
possible to obtain information on 7 (again 
up to discrete ambiguities) using only decays 
mediated by tree topologies in the Standard 
Model. Examples are the determination of 
sin(20d + 7) from B D^*'>'^n^ decays Ea, 
and the extraction of 7 from B DK de- 
cays iB. This last method, in particular, will 
require very large data samples. Other meth- 
ods make use of i?s-nieson decays accessi- 
ble at future B factories at hadron collid- 
ers Ell. In Figure |^ we show as an example 
the information obtainable from a determi- 
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nation of sm{2(j)d + 7). Combining this with 
the information derived from a measurement 
of the B — > 7r+7r~ CP asymmetry (see Fig- 
ure 1^), a unique pair of solutions (7, 2(/)^^^) 

(2) 

and {—j,2(f)^^') is obtained. We stress that 
combining any of the measurements sensi- 
tive to Bd-Bd mixing described above with a 
determination of 7 (including its sign) from 
B — > ttK would remove the discrete ambigu- 
ity in the Bd mixing phase 2(/)rf. 

Up to now we have assumed that the var- 
ious determinations of the reference triangle 
from B decays are consistent with each other. 
This assumption will have to be tested as 
the data become increasingly precise. In Sec- 
tion H we will discuss how differences between 
these constructions would provide informa- 
tion about New Physics in B decays rather 
than Bd-Bd mixing. 

2.2 Reference triangle from K decays 

An independent reference triangle can be 
constructed from measurements of very rare 
kaon decays. The branching ratios for the de- 
cays K'^ — !■ 'K'^vv and — > ii'^vv measure 
\V^lVtd\ and \lm{Vt%Vtd)\, respectively, and 
thereby determine Rt = -^^(1 — p)^ j^n^^ and 
1 77 1 independently of K-K mixing tSI. This 
provides a reference triangle up to a four-fold 
discrete ambiguity. Dedicated experiments 
would be necessary to measure Rt and \rj\ 
with useful precision. In Section |^ we will 
discuss what can be learned from the com- 
parison of the kaon reference triangle with 
the B-meson triangle(s). 

3 Exploring New Physics 

Once the reference triangle is known, we can 
use it to explore New Physics contributions 
to B-B and K~K mixing. Measurement of 
i?f, and 7 fix the coordinates p and 77, which 
in turn determine the other side Rt and the 
true angle fi of the reference triangle via 

Rt = ^{l~pY+f]^, 
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Figure 3. Illustrative examples of reference triangle 
constructions in the near and long-term future, (a) 
B-decay triangle with two-fold ambiguity, assum- 
ing uncertainties of 20% in |Vui,/Vc6l a-nd ±25° in 
7 (near-term). The dashed circles correspond to 
the measurement of |V„(,/Vci,|. (b) B-decay trian- 
gle (dark) with no ambiguity, assuming uncertainties 
of 10% in IVufc/^cbl a-iid ±10° in 7, and ii'-decay tri- 
angle (light) with four-fold ambiguity, assuming 15% 
uncertainties in Rt and \rj\ (long-term). The two so- 
lutions for the kaon triangle obtained with p — > 2 — p 
are not shown. 

Sin/3 = A, cos/3 -i--^. (2) 

-Kt Kt 

In Figure 3, we illustrate what the situation 
may look like both in the near and long-term 
future. We assume that in the near future 
7 will be known only up to a sign ambigu- 
ity (from measurements of CP-averaged de- 
cay rates), which will be resolved after sev- 
eral more years of running at the B factories 
(when certain CP asymmetries in rare decays 
will have been measured). 

3.1 Bd~Bd mixing 

We now discuss how one can systematically 
study New Physics effects in the Bd~Bd mix- 
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ing amplitude M12 by confronting measure- 
ments of the mass difference Arrid = 2|Mi2| 
(or Xd = Am^ tb ) and of the mixing phase 
sin 2(j)d with the reference triangle. Our ap- 
proach is very similar to the one discussed in 
Ref. H. Using (Q) we construct the complex 
quantity i?j e~^^^ with the true CKM phase 
(3. Up to a constant Cb, this quantity de- 
termines the Standard Model contribution to 
the mixipg amplitude: Mf^ = C b R'i e''^'^'^ , 
where t3 



Cb = 



12^ 



-,VBmBmi,S,{.,)BBff, 



0.24 ps" 



BbIb 



(3) 



(0.2GeV)2 ■ 

The main uncertainty in this result comes 
from the hadronic matrix element parame- 
terized by the product Bsf^- It is there- 
fore convenient to focus on the ratio M^/Cb, 
which in the Standard Model is given only 
in terms of CKM parameters: AIi^/Cb = 
[(1 - p)2 - ?7^)] - 2if]{l - p). (If New Physics 
does not induce operators with non-standard 
Dirac structure, the ratio M12/CB remains 
free of hadronic uncertainties.) The experi- 
mental value of the mixing amplitude is given 
by M^^'p/Cb = (Amd/2Cs)e-2«'^<'. If the 
mixing phase is determined from the sin 2(/)d 
measurement in B —^ J/ip Ks decays alone, 
then e^'^*'^'' has a two-fold discrete ambigu- 
ity. In the previous section we have discussed 
how this ambiguity may eventually be re- 
solved by using data on CP violation in B 
decays. The difference Mf^/ = M^^^ - Mf^ 
is the New Physics contribution to the mixing 
amplitude. 

In Figure ^ we illustrate this analysis us- 
ing present-day_ values of the input parame- 
ters from Ref. i (iKb/Kbl = 0.085 ± 0.018, 
y/B^fB = (0.21 ± 0.04) GeV) and the av- 
erage of the new BaBar and Belle results, 
sm2(j)d = 0.26 ± 0.29. The upper plot shows 
the allowed regions for the Standard Model 
contribution to the mixing amplitude as well 
as for its experimental value, taking into ac- 
count the two-fold ambiguity in the mixing 
angle 20^. The difference between any point 
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Figure 4. Determination of the B^i-Bci mixing am- 
plitude M12 (in units of Cb) in the complex plane, 
assuming present day uncertainties on the input pa- 
rameters (see text), (a) Standard Model contribution 
Mf^ (region bounded by the dashed circles) with 
marks indicating fixed values of 7. The filled regions 
between the circles correspond to I7I = (90 ± 25)°. 
The experimentally determined regions for M12 are 
shown for sin2(j}^ = 0.26 ± 0.29, where 20^ fa 15° 
(middle right) and 2</)d ^ 165° (left). (b) New 
Physics contribution Mj^^ corresponding to the dif- 
ferent regions: {■y,2tf>j^) (90°, 15°) (upper right), 
(7,2</.d) « (-90°, 15°) (lower right), (7, 2<^d) ^ 
(90°, 165°) (upper left), (■y,2(f>a) « (-90°, 165°) 
(lower right). The rings of scatter points correspond 
to arbitrary 7. 

in the Standard Model regions with any point 
in the data regions defines an allowed vec- 
tor in the complex Mf^ plane. In the lower 
plot we show the resulting allowed regions for 
. The origin in this plot corresponds to 
the Standard Model. We also show the re- 
sults in the absence of any information on 
7. An important message from this plot is 
that a potentially large New Physics contri- 
bution (of order the Standard Model contri- 
bution) to the mixing amplitude is allowed 
by the data in large portions of parameter 
space. In order to find out whether or not 
there is indeed such a large contribution it 
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Figure 5. Same as Figure ^ but with smaller uncer- 
tainties on input parameters. The arrows indicate 
the construction of the New Physics contribution as 
explained in the text. 

will be necessary to determine 7 and resolve 
the discrete ambiguity in 20,^. 

Figure ^ illustrates what the situation 
may look like several years from now. By 
then the uncertainties in the input parame- 
ters will most likely have been reduced sig- 
nificantly, and the mixing angle will have 
been measured with good precision. For the 
purpose of illustration we take |Vub/Vcb| = 
0.085 ± 0.009, /B^/b = (0.21 ± 0.02) GeV, 
and sin2(/)c; = 0.26 ± 0.10. Also, the phase 
7 will have been measured more accurately, 
perhaps with A7 = 10°. This would lead 
to the picture shown in Figure ^(a) and to 
the allowed regions for New Physics shown in 
(b) . Most importantly, as we have explained, 
in the long term the discrete ambiguities in 
both 7 and 2<^d will be removed, so that it 
would be possible to identify which one of the 
four regions in (b) is realized in nature. At 
this point, we will have achieved a precise de- 
termination of the New Physics contribution 
to Bd-Bd mixing. 



3.2 Bg-Bs mixing 

In the presence of New Physics in Bd-Bd 
mixing, it is very likely that also the B^- 
Bs mixing amplitude is different from its 
value in the Standard Model. Therefore, 
measurements sensitive to this mixing am- 
plitude should not be combined with mea- 
surements in the Bd system. Rather, one 
should probe for New Physics in the Bg sys- 
tem in an independent way. In the Stan- 
dard Model the assumption of unitarity of 
the CKM matrix alone fixes the magnitude 
of |Vj^Vts| (and hence the Standard Model 
contribution to Amg), and in addition im- 
plies that the Bg mixing phase is very small, 
0fM = 0{X^) (with A ~ 0.22 the Wolfenstein 
parameter). Even at the approved hadron 
collider experiments BTeV and LHCb it will 
not be possible to measure this small Stan- 
dard Model phase. It follows that the com- 
plex amplitude Mf^{Bs) is determined by 
unitarity and is very nearly real. (In that 
sense the "Bs reference triangle" is almost de- 
generate to a line.) Measuring the true values 
of the mass difference Amc, and of the mixing 
phase 2(t)s (e.g., from the time-dependent CP 
asymmetry in Bg — > J /ip 4> decays) , one can 
then construct the mixing amplitude from 
Mi2{Bs) = (ATOj2)e-2^'^=. The difference 
Mf^{Bs) = Mi2{Bs)-Mf^{Bs) determines 
directly the New Physics contribution to Bg- 
Bs mixing. 

3.3 K-K mixing 

The mass difference Am^f between the neu- 
tral kaon mass eigenstates is dominated by 
long-distance physics and does not admit a 
clean theoretical interpretation. Therefore, 
constraints on the CKM matrix from K- 
K mixing are derived only from the CP- 
violating quantity \€k\, which (to a very 
good approximation) is given by |ex| — 
|Im[Afi2(-ft')]|/(\/2Amif). Consequently, one 
can only derive information on the New 
Physics contribution to the imaginary part 
of the mixing amplitude in the kaon system. 
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Figure 6. New Physics contribution to j in units 
of 10"'^, assuming present day uncertainties (re- 
gion bounded by dark solid curves, corresponding 
to Bk = 0.86 ± 0.10, IVub/Vcbl = 0.085 ± 0.018) 
and future smaller errors (region bounded by light 
dashed curves, corresponding to Bfc = 0.86 ± 0.05, 
IVut/V^bl = 0.085 ±0.009). 

The Standard Model contribution to |e/f | 
is the product of a function of the Wolfenstein 
parameters p and fj with a hadronic matrix el- 
ement parameterized by the quantity Bk 
Once we have determined p and fj (as a func- 
tion of 7 and Rb) from the reference triangle, 
we can compute the Standard Model contri- 
bution. Subtracting it from the measured 
value of \£k\ gives the New Physics contri- 
bution, \ef\ = |Im[MNP(X)]|/(V2AmK). 

In Figure || we show the New Physics 
contribution to \eK\ as a function of 7, for 
both present-day and more long-term uncer- 
tainties on Bk and IKib/V'cbl- It is evident 
that a measurement of 7 is the key ingredi- 
ent needed to answer the question of whether 
or not there is New Physics in K-K mixing. 
Once 7 is known, |Im[M^P(i4r)]| can be ex- 
tracted with good precision. 

4 New Physics in decays 

In order for a reference triangle construc- 
tion to give the true value of 7, and thus be 
useful for extracting potential New Physics 
contributions to the mixing amplitudes, it 
must not be contaminated by additional New 
Physics effects in the associated decay am- 
plitudes. Up to now we have assumed con- 



sistency between the different constructions, 
which would imply that to a good approxi- 
mation New Physics enters only in the mix- 
ing amplitudes. This is indeed the case in 
many extensions of the Standard Model, par- 
ticularly if the scale of new flavor interactions 
is at a TeV or beyond. Of course, it would 
be extremely exciting if the different refer- 
ence triangle constructions were not consis- 
tent with one another, implying that there is 
New Physics in B decay amplitudes, or that 
the 3-generation CKM matrix is not unitary. 

In Section ^ we have discussed various 
reference triangle constructions in roughly 
the chronological order in which it will be 
possible to carry them out. Interestingly, this 
order also corresponds to a progression from 
reliance on decays which in the Standard 
Model are penguin-dominated (and therefore 
more susceptible to New Physics) to those 
which are tree-dominated (and therefore less 
susceptible to New Physics), and finally to 
decays that are only based on tree topologies. 

We briefly discuss tests for New Physics 
contributions to the penguin-dominated de- 
cays based on 6 — > sqq transitions in the Stan- 
dard Model. These tests can be carried out 
at various stages of data collection. The mea- 
surement of several CP-averaged B — > nK 
and B — > tttt decay rates itself provides for a 
series of internal consistency checks. For in- 
stance, there are upper and lower bounds on 
certain rate ratios, which are based on flavor 
symmetries and rely on minimal theoretical 
input. Violation of these bounds would be a 
signal for newjsospin-violating New Physics 
contributions lij. In the longer term, as mea- 
surements of CP asymmetries for rare de- 
cays become available, additional tests will 
become possible. For example, one can then 
check whether the time-dependent CP asym- 
metries in i? ^ J/4' Ks and B 4>Ks de- 
cays are in agreement. A discrepancy would 
imply new CP-violating contributions to the 
B 4>Ks decay amplitude, which to a good 
approximation is a pure b sss43enguin am- 
plitude in the Standard Model 123. There are 
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also upper bounds on the direct CP asymme- 



tries for 
the Standart 
be violated 



TT^K° and B± (jiK^ 



lodel, which could turn out to 
IH3. Finally, a large direct CP 
asymmetry in — > Xgj decays would im- 
ply significant New Physic2.^contributions to 
b ^ s penguin transitions E3. 

If all penguin-dominated determinations 
of 7 are consistent, then it is unlikely that 
there is New Physics in decays, and the pro- 
gram we have outlined above for extracting 
New Physics in mixing can already be car- 
ried out with confidence. If these determi- 
nations are not all consistent, however, the 
tree-dominated or pure tree reference trian- 
gle constructions will be required in order to 
reliably extract New Physics contributions to 
mixing. (At the same time, a clean deter- 
mination of 7 would be be required in or- 
der to obtain a detailed picture of the New 
Physics in the penguin-dominated decays E.) 
The determination of 7 from the mixing- 
induced CP asymmetry in i? — > tt+tt^ is 
less susceptible to New Physics effects, since 
these would have to compete with a Cabibbo- 
enhanced tree-level amplitude. Finally, the 
extractions of 7 from the pure tree processes 
B D'-*'>Tr and B DK can only be af- 
fected by New Physics in rather exotic scenar- 
ios. Thus, checking for consistency between 
these two measurements and the B — > ■k^t:~ 
measurements essentially provides a test for 
New Physics effects in i? — > tttt. 

If dedicated experiments to study the 
very rare K — s- ttvD decay modes will be 
performed, they will provide direct measure- 
ments of the magnitude and phase of Vtd in- 
dependent of mixing. The comparison of the 
kaon reference triangle with the triangles ob- 
tained from B decays primarily allows us to 
probe for New Physics in these rare kaon de- 
cays, which in the Standard Model are me- 
diated by box and electroweak penguin dia- 
grams. In addition, if the kaon and _B-mesons 
triangles were to agree with one another, this 
would be a direct test of the assumption of 3- 
generation CKM unitarity, as it would check 



the relation V^^Kd + K^Kd + V^^Vta = in- 
dependent of any mixing measurements. An- 
other test of CKM unitarity would be the di- 
rect measurement of the element \Vtb\ (and 
perhaps |Vts|) in top decay. 

5 Conclusions 

Motivated by today's announcement of the 
first sin 2P^k measurements from the ded- 
icated i3-factory experiments BaBar and 
Belle, we have reconsidered strategies for ex- 
ploring New Physics in B-B and K-K mix- 
ing in a model-independent way. The low 
central values found by these experiments 
raise the possibility that there is New Physics 
in Bd-Bd mixing. Therefore it becomes cru- 
cial to base studies of flavor physics on com- 
parisons with a reference unitarity triangle 
whose construction is independent of mixing 
measurements. Ultimately, such a strategy is 
preferable whether or not the measured value 
of sin 2P^K agrees with the prediction from 
the global analysis of the unitarity triangle. 

We have described in detail a program 
that in a few years could cleanly determine 
the New Physics contributions (in magnitude 
and phase) to the Bd~Bd and K~K mixing 
amplitudes. (A similar, more straightforward 
analysis for B^-Bg mixing can be performed 
at the BTeV and LHCb experiments.) Simi- 
lar strategies have been proposed previously 
by several authors. Here we have stressed 
the relevance of the progress recently made 
in devising strategies for near-term measure- 
ments of the weak phase 7 based on charmless 
hadronic B decays. Knowing 7 with reason- 
able accuracy, and without discrete ambigu- 
ities, is the key element that makes the pro- 
gram outlined in this Letter feasible and very 
powerful. We have also pointed out that the 
comparison of different constructions of the 
reference triangle provides several opportuni- 
ties for probing New Physics in decay ampli- 
tudes, not related to mixing. Nothing would 
be more exciting than to follow the unfolding 
of New Physics at the B factories in the next 
few years ahead of us. 
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